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(57) A stent wherein a bfologically/physiotogically 
active substance is loaded on the stent main body in a 
stable manner is provided. The bfologically/physiologH 
cally active substance does not undergo decomposition 
or degradation, the biologically/physiologically active 
substance is gradually released for a prolonged period 
without being rapidly released in a short period The 
stent to be implanted in a body duct comprises a cylin- 
drical stent main body extending in axial direction and 
having an opening on each end of the axially extending 
stent main body, and a sustained release coating 
formed on the surface of the stent main body from which 
a biologically/physiologically active substance is slowly 
released; wherein said sustained release coating com- 
prises a layer of the biotogically/physiologicaDy active 



substance formed on the surface of said stent main 
body, and a polymer layer formed on said biologically/ 
physiologically active substance layer to cover said bi- 
otogically/physWogically active substance layer; and 
said bwtogically/physiotogically active substance layer 
comprises at least one biotogicalry/piiysiotogically ac- 
tive substance; said polymer layer comprises a vapor or 
water-permeable polymer, and a water-sweflabte sub- 
stance dispersed in said polymer and swollen by ab- 
sorption of the vapor or the water; and cracks are formed 
m said polymer layer when said water-swellable sub- 
stance is swollen by absorbing the vapor or the water 
and the biok^ically/p^ysiologically active substance in 
said biologically/physiologicaily active substance layer 
is released to the exterior of said sustained release coat- 
ing through said polymer layer. 



FIG.l 
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Description 

BACKGROUND OF THE INVENTION 
1.1= Wd of the Invention 
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1 field of the invention 

,0001] TW.«nv«*on rentes to a stent which is ^^^^SX^Z 
SSd vessel, bile duct, trachea, esophagus, or urethra » onto to ™«™*« » prolong* b * 

l^^ToZ* substance which has the eSect of suppresses toe restenosis. 

2. Description of the Related Art 

,0002, Antfop^**^^ 

0003] With toe westernization of dietary ^ * ^^"^ , n order to treat the heart disease*, percutaneous 
dseases (angina r^,«rdiac member of cases wt^ PT<* is applied has 

transluminal coronary angioplasty (PTCA) has ^"^"^J"" MnBcatl0O of the PTCA in s variety of cases. 
SScaiV increased. Today, technological 

I, applied not only to the cases where PTCA was ""l' VMSar . ^ .too to the cases 

S^wSa^ X» fcngth) « the single vess* Won (wito 
£Sem toe lesion * Iocs*. ^^^^^^S^-^ S^e in the artery * the thigh 
me stenosis at two or more vessete^CA a a p^ure^ere^ Introduced through the lumen of 

or arm of the patient to ^^^n^oTTbkH- vessel and over to. guid«rir. to 

the introducer sheath: a hotow tube called » ^"^^^Xguidewire is withdrawn; another guidewire and a 
place the guide catoeU, at toe en^n^ 
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50 
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significant* prevent the * f^ccSence of toe restenosis have been made by loading toe stent 

[0005] Recently, various attOT P^ re ^^ t ^ s ^ „ , ^^atic for local and sustained* releasing 
with various biologically/physiologically a<*ve ^ been implanted, for example. JP 

toe b^logically/phys^^^ ^^^3^1^^ (hio to gica»y/phy«ologica»y adv. sub- 
8-33718 A proposes a stent wherema madue £ £?J~£ and jp 9-99056 A proper a stent wfcarein a 
stance) and a polymer is coated on the ^J*^^'™^^ „ form * on toe surface of to. stent mam 
bioactive material layer (bWoflica^y^l«J^^^^ ^ 
body, and a polymeric porous material ^J^^J^^^^ therapeutic substance <bWoglcaUy/phys«> 
fM06] However, in the case of to. st«rt "J ^ £ ^Tess^ted wito the problem of decom- 

togfcaBy active substance) is incorporated " ^^S'^veTub^ance due to the chemical action with the ootymer. 
P^itionarKJ degradation of the bi^^ wbsttnc8 . For example, wtum the 

mats, with toe problem of toe stability of toe b «^^ ph ^J^^ H Qe nerates an acid upon iU de- 

^-^^c !f • t^^Ti.'dtc^bSne^ SZS- toe ,*» of toe 
composition despite Rs favorable un^s fl ^^^^^ su08 tance ^selected for the biotogicaily/physi- 
biologfcally/physiologically active substance. When an aad-sensiuve suos« 
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In this stent, however, the polymer layer ^Ho„,k bw,0 9 fca 'V «^ve substance by the acfcnwwf^TlT 
material wherein Passages^efeeTfZT 9 ! ^^'Physiologically active XlanS^L P °' ynW - 
Physiologically activ^ 

layer) from the time of Hs producfen^ 8ex , posedto me ^ er a^osphereofthesteirt^~lhfl 

of sustained release of me ^^'^^Wtet and this stent re,eas «J in a 

25 SUMMARY OF THE INVENTION 

[0008J In view of the situation as desmh-^-K 

the biologically/physiotoflically active T^^'Z"?^ °' preser * '"mention is to provide a stem • 

^^^^^^^^^^^ 

said polymer layer comprises a vapor or wa,,-^^,, K , 



(2) A stent according to the above (1) wherein «u , . ' 

(3) A stent acceding ,o the above^ 235 t " ^ COmprises * ^taJ material 

(4) A stent according to any one of thelbw f^) wherein'saW bfak^ 8 ^ / P ° lymer n*****- 

) » , 3 , wnerem sad bwlogKaOy/physiotegically active substance 
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(8) A f^H^S a moSlar woight of up to 1000. .rfteasaK *hich b found in . bod> 

^.^^-^ . " 

m m As shown in FIGS. 2 and 3. " »* ^ 2 constituting the stent ma "J*y 3 to the 

"1^5 aX substance layer 3. However. ^^'S^Jnt main tx>dy, and the bio- 
t^otog>ca^/phys«toaica^a«^ 0 f the wire members 2 WS ^™"P " memb# rs 2 constituting the 

3 does not <^^S^y^3 should cover at least a ^^^X^ the surface of the 

^I^^^^ZotZ** are within f « body . iscov^ed^th 
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[0024] 



40 



[0024] The stent main body is a eviinH«v„i w ^ , 

IU0Z5J In the embodiment shown in PK3 1 th « 8 
is constituted from substantial d am *~?\. ' ! ma,n body """Prises resilient wires ■> 
shaped units 11 an, con^J^X^ """" 11 ha ^ "lots inthe ^ l*^'^^"™* 
10 in the direction of tmiSSSST^ ° ,herso,ha,ttl ° substantially diam^hlS?? *~ b ^ nU ^«*amond- 
the adjacent ZVyT^^^T* ^^UeTn^Z nZZZT"" 

1 has the structure as described ah™** *k IT connected with each other Sine* tho * arB 

end. and the cytindncal bo^^ %!S£* a b^^T" *** (8tert > 

100261 It is to be noted tt»t ,„,k ^noaowcompressible by the defer- 

opening on each end and extending in axiaUi^Z, 7^ T 8 " y expandable cylindricTZ v h^T 

3^ *™ed in tine walf JS2^£2S EoTS* ^ ^WS^wS^ 

the stent may be a bal ( ^ x JS^^ ma,nte "^»>» stent main body fokte^ Z^t!^ «««». 
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acetate, cellulose nitrate anSr'.T, PO ' yotefins: P°^thylene terephthaSeS^?T T^*" 8 USed 
[0030] The stent main body can h« m« C f r« u wnce 
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.k_, h.nH when the stent main body is formed from a 
a meta , mat erial is sufficient in strength. On the ^^anfl. a ^ poiymer material. 

,^ KUl «t a nL use of a material i«a »w u " w ' 

[0033] An * artery, the ^ent main body may preferably have an ouier 

[0047] Exemplary preferable ^^"^7^^^ gaRate. 
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body; or by heating and melting the biolooicanv/nh^^! ° fthew,re "^ber 2 constituting tt» sZTrnTu 

^/^^ and dip^TZ^^ 

■otogfcally active substance to thereby form th~ k- T ° Bowed ov cooling and solidification of the hinW^n!/J 

spraying such solution with a spray devS c^ft~ ™ an T „ member 2 constauting the stem^natata^ 
(0053] It is to be noted that whan »._>.-•• 

wire member 2 MnstiluUno Vh^,!. . b,olo 9' ca 'V/physiologicaHy active substance is in^m*^ ■ ^ 

unlfce* to be a b rto';lT£^^ ^^^^,1^ 
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ing on the shape and steelftoe^M^^ 

10056] In the stent of the present invention *. 8»oru.ito 

substance layer 3 as descnt^ a ^ ve £ ? * **med on the bictogica^y,^^,. actfve 

polymer having a water-swellable substa^s^S^" .t^^ teyer4 """P*** a va^TwaSS^! 
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water content less than 10% (35"»C) 



coefficient < 



'of vaporpermeaoiBty: more than ^ Icm 3 (STP, (cm-.^Hg, o, 

• tensile strength: up to 30 MPa 

• tear strength: up to 100 kg/cm 
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not particularly 



25 



the stent main body prelimBianty covered wrth me d «* ^, lAllrfoloatall , active 

reduced in^tontomevas^ ^ p^Wy to a 5 d £" ed „ the polymer toy* 

me vapor or the water and t ^^ |af weight substance or a tow r ^ 1 *^ ' eSrf^orvacrytate for the 

Tn thebodV at a high deoree. ferablyused alac0 ««,trattonof 0.01 to ^Vj^J^SS 

10066] The watar-sweMable ^ s *^£^ M ^ .„ relalion to me mass 0, f ^ b ^^S 
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polymer layer 4 upon swelling of the water «^ii,m 
of control^ 

f0067] ThepartictestoJofthewater^..^ »"8 to be released ootsrie the 

limited as long as the sS Sll'S 5 at *• to the polymer laver 4 fa no. 

in the polymer tayer 4. Tr« pS^^v^ T " U * e> * the ^y^^^jro^'!^ 
and most preferably 5 to 3oVm h We^ o^TZL P referat "y in the range of 1 to 5oL ^ZT^\ 

[0068] Any desired «n5K£ o 11k^ t"^ °. f *• P°*™» "^~«"*»aW»l»a0p*. 

5 may be chosen as bng as eS^ESJEEE* layer 4 and «he water-sweHable subsist 

size of 5 to 30 um as a water-swellable «=.,h«rf= ^ auon - However, a use of sodium chloride h=u~. 

centration of 0. 1 to 2.5% by SUbSten< * dlSpersed * the silicone elastomer aTdesSo^^ 

I0069I Nextmertanlsmofmer^easeofthebioloo,^/. • escribed above a. a con- 

SS ^^^^^^^^^ ^ 

10070] once the stent lis implanted in the lesion , ho M 
starts to intrude into the po(vrner layw 4 ThT,^ " 406 wa,or has been present in th. k-* , 

or other body fluid in the^K^ ^J^l^ b "» « S^!,^* 

entrapped In the water-sweliable subVtanSTiTtK? * intnided "*> the polymer Ke^fl^J!^ 

trapped the water or the vapor is swoflen * P ° fymer layer 4 - and the water. 8 ^te^Jl!Ti! COn,eS 

sellable substance 5 InJ^^S^*** me ""por. As a consCenS ^^L** 

I0071J The polymer ^512: -■»»««*, F,G - 4 - "^'^of the water- 

physiological* active substance ^ ^^1*"** the body duct becomes in contact with th„ nIn w.u 

[0073] It is believed that the thus dissoNed h JEv* 8 T^L ^"^^ most of the fluid. aoaymaa " ntM «*9 
formed in the polymer layer 4 tobe ^ Ba ^^^^f^ /Phy8i ° to9icaB y ^e substance passe, thr««h «- 
substance 5 is sodium chlonde o/o . extBrioro,t ^ sustained release eoSTKlS* PM8a9e 

ItTsTbT^ 

ft -es^bedebovelsZtTT 

^/physiobglcaDy'activ. 9- communfeatoK, the bio 

before the insertion of the stent in theoodya^ <^«° f Z?T " Slent 1 of the^oS tev^t 

formed in the polymer laver 4 nnh, ,« \I contact of the stent with the blood or other hn*. « !, VJ By8f 4) 
stent with the I £a 2,1 ° ffTlP ' an,ation °' «be stent in the ^ * J* passf>9e * 

rapidly - te a,e^a si p ^72r^l ^f^^'* TZ 1*^^™^ * 
•bp bic^icairy/pr^og^ 6 ^™^ ^^e ^ntatten of the stent iTthe^nTa^S 

acfive substance layer 3 are mmZfl^?^?? polymer toyer 4 and the biolbZoy/physiotooicaiiv 
bH-ogicafly/physiologically activj Tjj^T^' and «*• Sten < « ^eTZ eWjSSJJS 
sequence, the bioiofli^l^/ph^^^^^PO^ or degraded by the action of the poVnTTa Lr! 
body in a stable manner ST^^ ^^ ^ ^ed on the wire member 2 co^S^e sS 

Po^merand the o i oiogica B y/phy S ^XX^ nca ^n, " ^ "° «» « onlh^aC^ 

EXAMPLES 
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Example 1 ^iamttnd-shaoed state ** shown In 

F • ^Jnter (width, 0.2 mm) was sprayed with a soMion «»™» substance was used as a bctog- 

sodium chloride was 2.5% by we*M.Tn« ^^^ly active substance layer. 

IWATA). . ^^oo^tayerhadfuUy covered^ 

[00811 As e ^r n w« s^releas.d for about 4 ^^er aft^th. dipping in 

[0082] rorum»«w u^-i«r 9i houra were taken. FK3.ob a ironi»i«~ a^ium^ laver can be comirmeo 
the phosphate buffer ^ J^^^tatton. and formation of notes tayer after the 

layer after the dipp^g * sectional eiectron micrograpMISOO J^gJJ inW. elect** 

swenable substance. 

Example 2 sam8 ^ example 1 was 

substance °"^^! D £^ 8 9 g of hexane to prepare a """"J*^^ 
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[U W4] As evident from Table 1 , it was confirmed that the amount of the VS releasor* inrma^ ^ «~ , 
time <day), and that the VS was slowly released for about 4 3« . ™ « increased with the increase In 

y cwabeo ror aoout 4 weeks with no rapid release in short period (Initial burst) 



Comparative Example 1 



5 



SL ^aTkCoT^^ fcmesameasExampkMwas 
confirmed that about 2 m 9 of 3EE22f<l£ ESSE LT^ 0 2^2 ! 8pfay ' " «■ 
body. The solvent, dichloromethane was co^tata*™,!*^ f ^ member constituting the stent main 

substance on the surface of ^Z^J^TZ^^^ ! "XT* ^ bto ^^"V«totegicady active 
e base compound was aTspemeTfc, TO a ofhtSe^ - ? ^ 1 9 * * «9«« to 10 g of 

weight), end this solution Sprayed concenteation. 10% by 

the biologically/physiological^ 

was evaluated for the amount of the biotegioally/physiotoflical^ acS sSa^e'U) Z^L^ 
was conducted as in the case of Example 1 The results am ^ZnTr!^7 * ¥ ' refeased - ^ "measurement 
of the VS released is indicated by the p^^ZyTZ^nf^ ;, ^ .IT* " ^ 
constituting the stent main bod/ S ^ ^ been coated on me ^ member 

CLsTTJ^ 

of the polymer layer after the dipping in the phoZai^ffer^S ^ """W « *• surface 

be confirmed by comparing the phoLicmoraSS *ra 1 ST' ° f h °' eS * me '»* mw to ^ «" 

of the polymer layer aZfhe d£pC^n^pS 8 ^ sectiona] micrograph (2500 x) 

be confirmed by comparing me^CC tS, F ,gT ' 80SenCe me cracks can 



Example 3 



antioxidant) in ethanol (EGC?«»neemraZ flSKlSSK ? 85 EGCG ' b 8 **!*•*>• «"d an 

2 mg of EGCG was coated iZttS^ * T° 8 m lt W8 » then «"*»••«• mat about 
ethane, was completely JSSHXL * ^SZSSSSSSl "^S^S. ^ ^ ^ *» 
the stent main body. Next ME[M2lf^ B £j£ ^^^^ **** 8UbStanee °" «* 

dispersed in 89 g of hexane to WJ^TSIJ f 22. U CUn " 9 aQew to « 9 of a base compound was 
chloride fine powder (particle 5££to 30^mTwal aSS SEllST^ 1 °* * and «*"" 

chloride in relation to the total weight oTthe 1^^^ 80 Ccncentralio " <* *e sodium 

sodium chloride was 2.5% by waff £ «2oSE^ ^ ** CUn " 9 " °" 8,,iC0ne e,a8tomer and *• 
that the polymer layer ^ fc^c^^ by 8 ^pray. After confirming 

in an oven at 60-C for 24 hou^r^b^^S^?^^ ^ SU ° 8tanC8 byer - lwiM »> "eated 
thickness at an average of jZ lnTl^T^^Z tey8f after »• mermosemng had a 

substance (EGCG) reteased ** "* amoum of the Wotoglcany/physiotogicany active 

in the amount of the EGCGtoi SJZI 22 tT" ^ 1 " indteated ^ 

100911 a« *^Tt!k. TL ! °^ 8n ^ ed0n m e wire member omstitutlng toe stent main body 

S (CTnd^Se egIS wr 8 ,o^etr ^ ^ ^ increase 
burst). S,OWty re,eased ror about 4 weeks with no rapid release in short period (initial 
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Comparative -Example 2 

(00.2] TheoutersunWthewireme^^ 
Uv^asolutonof*^^ 

confirmed that about 2 mg of Z^™*^.™™*™ tZ^^ biotogically/physiotogicaiy active substance 

on the surface of the stent nam ^^,^™ 1 fl < 2S«fcon» etostomer concentration. 10% by weight), 
compound was dispersed in 89 g of hexane to prepare a "JJ tay8r had fully covered the 

Zf** solution was sprayed by using a handjpray. Aft* "J^^^jj^^ 24 hiL to thereby 
oio^icaHy/phvsWogicaly acuve ^^^^^X^fthk^^ an average of SO pm. This stent 
fonnthe polymer laver.Tr* po^^anerO-^^ 

was evaluated for the amount of the b ^, to ^ ph) ^ r ^^^^ 2 case of Example 3. the amount 

layer does not contain sodium chloride. 

Table 1: 



Amount of VS released 


Time (day) 


Example 1 


Example 2 


Comparative Example 1 


1 


3.0 






i 3 






5.0 


4 




5.9 




5 


17.8 




4.6 


6 






11 


48.0 


32.8 


4.8 


14 


57.7 






16 




38.9 




18 






5.2 


20 




43.3 




24 




48.2 




28 


78.3 






31 




52.5 





,0004, Thearnountcrfthev^reteasrfsh^ 

haTbeen coated on the wire member constituting the stent mam body. 



Amount of EGCG released 


Time (day) 


Example 3 


Comparative Example 2 


1 

3 

8 

13 

17 

21 

28 


2.5 

6.1 

28.7 

47.0 

75.4 

78.7 


1.5 
1.5 
1.8 



,0099 The amount of the €GCG reteased shown in Table » indicated by theproportion (%) in the amount of the 
th^nad^en coated on the wire rriember constituting me stent mam body 
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MERIT OF THE INVENTION 
[0096] 



bwloglcalty/physiologically active 8ubsta^lavtt?^^f^ SUbStance b swoten b V »* vaporor^^T 
tt.epoVmer.ayer, thebiotogicalV/p^S^^' 0 B,eexterior ^«'» sustained re^^'Slnh 

[0097] When the stent main body is formed from « m . , * P«noo wrtnout being 

taS^-T^*?" consUtuBn 9 «"« stent main body an^d^t^l ****** in its adhesion to the surface 
waHy/physicteflically active substance laver ""^na! component which imparts tackiness tntZ.Z^ 

Claims 

t. A stent to be implanted in a body duct comprising 
said sustained release coating comprises 

said biologically/physiologically active substance lavercorrmri^ , , 

stance layer composes at leas, one Wotoglcany/pnysiolOflfcaBy ac- 
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tive substance; ^^^^n^^^.^^^e^^ncedis^ 
^ W ^ Z^toloaicaByaclivt substance layer. 

said btotogcaHy/phys»to9«ca»y ^ ^ 8ub$Um » is at least 

ass '*— "tin— — — 

a. A stent according to any one of dam to 7 wherem sea, 
rtlrfno a molecular weight of up to 1000. 
saHhavinflamotecu w b„. molecular weight salt is a salt which is found in a body. 

9. A stent according to cla^ 8 wherein sad tow moiecufcr 

_ t „ wherel „ said tow moieortar weight sat is sod,um chlonde. 

10. A stent according to claim 8 or 9 wnerem 
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